Guano is an important source of marine-derived nutrients to seabird nesting areas. 19
investigate: the toxicity of seabird guano and the joint toxicity of guano, Cu and Pb by 23 using the sea urchin embryo-larval bioassay. In a first experiment, aqueous extracts of 24 guano were prepared at two loading rates (0.462 and 1.952 g L -1 ) and toxicity to sea-25 urchin embryos was tested. Toxicity was low and not dependent of the load of guano 26 used (EC 50 0.42±0.03 g L -1 ). Trace metal concentrations were also low either in guano 27 or in aqueous extracts of guano and the toxicity of extracts were apparently related to 28 dissolved organic matter. In a second experiment, the toxicity of Cu-Pb mixtures in 29 artificial seawater and in extracts of guano (at two loadings: 0.015 and 0.073 g L -1 ), was 30 tested. According to individual fittings, Cu added to extracts of guano showed less 31 toxicity than when dissolved in artificial seawater. The response surfaces obtained for 32 mixtures of Cu and Pb in artificial seawater, and in 0.015 g L -1 and 0.073 g L -1 of 33
Introduction 42
Coastal areas and cliffs represent suitable areas for seabird nesting activities. Yellow-43 legged gull (Larus michahellis) is one of the main communities that forms these coastal 44 colonies and tend to deposit large amounts of organic type material (faeces, feathers, 45 corpses, foodstuff, etc.). Among these materials, faeces or guano represent around 85% 46 of the dry weight (Wait et al., 2005) . The guano is mainly rich in nutrients (N and P) so additive or synergistic interactions, depending on the metals studied and on the test 89 species (Meyer et al., 2015 
Chemical characterization of the elutriates and metal solutions 178
Samples for the analysis of inorganic nutrients were collected in acid-cleaned 50-mL 179 polyethylene bottles; they were frozen at -20ºC until determination using standard 180 The cumulative function of the Weibull distribution was used as a dose-response model 240
; or briefly:
where R is the response (with K as maximum value), C is the concentration, m is the 244 dose corresponding to the semi-maximum response and a is a shape parameter related to 245 the maximum slope of the response. 246 247 Equation 2 can be re-parameterized to estimate the slope at the median abscissa of 248
Weibull density function: 249
A four-parameter model can also be used for those data sets in which a response higher 252 than 0 is observed for the control (R c ): 253
255
To directly obtain the confidence intervals of the EC 50 , equation 4 was re-parameterized 256 to make explicit the corresponding dose: 257
CA hypothesis 260
The inverse of equation 2 is required to apply the Concentration Addition (CA) model: 261 262 ( ) 
277
A simplified version of the CA model (hereinafter called CA_M), which makes possible 278 to obtain directly the function parameters by non linear regression, reported by Murado 279 and Prieto (2013), was adapted here to three effectors: 280 
IA hypothesis 296
The independent action (IA) model for three agents is formulated as follows (Bliss, 297
where R(C mix ) is the response corresponding to the mixture, and R(C 1 ), R(C 2 )and R(C 3 ) 301 are the response to the agents 1, 2 and 3. 302 The Akaike´s information criterion (AIC) was used for comparing models. AIC 320 statistics summarize goodness-of-fit as residual sum of squares (RSS) against the 321 number of parameters (p) for the same data set (n) with the aim of avoiding over-fitting. 322 AIC can be defined as (Motulsky and Christopoulos, 2003) : 323 The inhibition of sea urchin larval growth exhibited a similar pattern for the extracts of 345 guano obtained at different loadings (Figure 1, left) and the parameters EC 50 , EC 10 and 346 a of the Weibull model showed overlapping confidence intervals (Table 2 ). An F-test 347 was used to assess whether a single model (null hypothesis) or two separate curves for (Table 3) shows how guano inhibits sea-urchin growth at low concentrations of Cu and reduces 387
Cu toxicity at higher concentrations. A reduction of Cu toxicity was observed in terms 388 of both EC 50 and slope (v m ) for the concentrated extract of guano and a lower value of 389 v m was also found for the diluted extract (Table 3 and Figure 2 ). For Pb, unlike Cu, 390 significant differences were only found in terms of v m (Table 3 
and Figure 2). Lower 391
EC 50 values for Pb were found in guano treatments than in ASW, though these values 392 did not differ significantly (Table 3) . However, the comparison of the EC 50 values is not 393 straightforward, due to the intrinsic toxicity of guano in the absence of added metals and 394 the impossibility of separating its inhibitory effects of the considered metal (Figure 2) . 395 The joint inhibition of Cu, Pb and extract of guano was well described by the model 402 IA_M_SA (Figure 3) . The lowest value of the Akaike Information Criterion and the 403 maximum value of adjusted R 2 were obtained for this model (Table 4 ). The parameters 404 of the model were significant for Cu and Pb, but K for guano was not significant (Table  405   4 Guano showed low toxicity to sea urchin embryos and its toxicity seems to be related in 424 part to the dissolved organic matter released from the guano. The two treatments 425 assayed in the loading rate test were homogeneous in terms of growth inhibition (Figure  426 1, left) and the dissolution of organic carbon in seawater showed a pattern which is 427 apparently independent from the load of guano used (Figure 1, right) . The toxic 428 contribution of NH 3 and metals in the extracts of guano was low, but it cannot be ruled 429 cations. Birds excrete nitrogenous waste primarily as uric acid and some of this uric 516 acid is degraded by bacteria; although the proportions may vary depending on the 517 species and diet (Lindeboom, 1984; Fugler, 1985) . Proteins are also excreted by 518 seabirds in lower proportions (Szpak et al., 2012) . The major form of excreted 519 phosphorus in guano is phosphate but only a reduced proportion is soluble (Smith and 520 Johnson, 1995; Otero et al., 2015) . Therefore, major chemical compounds present in the 521 extracts of guano are expected to be uric acid, proteins, ammonia and phosphate (Smith 522 and Johnson, 1995), so it is likely that the drop in toxicity observed for Cu and Pb may 523 be due to complexation or precipitation by these species. Hydrogen urate is the 524 predominant form of uric acid at pH = 8 and it has complexing capacity on Cu or Pb, 525 forming a non-electrolitic complex due to charge neutralization of the cation (Cu +2 or 526 Pb +2 ) (Wilcox et al., 1972; Tak et al., 1981; Moawad, 2002) . The solubility product 527 constants (K sp ) of the hydrogen urates were 5.8 × 10
-5 for Cu (Moawad, 2002 ) and 1.2 × 528
10
-14 for Pb (Tak et al., 1981) . Hydrogen phosphate is the predominant phosphate 529 species at pH = 8 and shows K sp values at 25 ºC of 4.5 × 10 -7 for Cu and 5.3 × 10 -12 for 530
Pb (Markich et al., 2001) .. Therefore, according to these values, precipitation of Pb is 531 possible by either hydrogen phosphate or hydrogen urate but is unlikely for Cu. 532
Therefore, the reduction of the Cu toxicity is possibly due to the complexing capacity of 533 other dissolved species in the extract of guano such as protein materials given the 534 recognised capability of amino acids to bind with Cu and Pb (Sovago et al., 1993) . 535
536
The guano is an important source of marine-derived nutrients in seabird breeding 537 islands, but shows little relevance in other coastal areas regarding alternative sources of 538 nutrients (Bedard et al., 1980; Bosman et al., 1986) . Wootton (1991) found that guano 539 had a positive influence on 4 of 18 taxonomic groups from intertidal communities on 540 cliffs and led to a reduction of biomass in some groups which could have been caused 541 by ammonia from guano. The results of this study do not point in that direction as the 542 observed toxicity appeared to be related to the dissolved organic matter or other 543 unmeasured toxic agents. 544 545
Conclusions 546
The toxicity of guano to sea urchin embryos has been tested at environmentally relevant 547 concentrations. Low toxicity of guano was found which was apparently related to the 548 dissolved organic matter and independent from the load of guano used. The compounds 549 dissolved from guano diminished both Cu and Pb toxicity. The response surfaces 550 obtained for mixtures of Cu and Pb in artificial seawater, low and high load of guano 551 were better described by Independent Action model adapted to describe antagonism 552 than by the other proposed models. The magnitude of the interaction of guano was 553 greater for Cu than for Pb, which indicated a higher affinity of the former for the 554 dissolved organic matter from guano than the latter. 
